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(54) Exposure method and exposure apparatus 



(57) Laser light emitted from a high output laser light 
source (LD) is condensed by a condenser lens (CL) to 
form a condensed point. Xenon (Xe) gas or the like as 
a target is injected from a nozzle (NZL) to the condensed 
point to generate Extreme Ultra Violate (EUV) light (EL), 
and then the generated EUV light (EL) is condensed by 
a condenser mirror (CM). A transmission filter (1 8) hav- 
ing a predetermined transmittance with respect to the 
EUV light is disposed between the condenser mirror 



(CM) and a reflecting mirror (17), and scattering parti- 
cles mixed in the EUV light are adsorbed by the trans- 
mission filter (18). The EUV light passing through the 
transmission filter (1 8) is deviated by the reflecting mir- 
ror (1 7), a illuminance distribution of the EUV light is un- 
formalized by fly eye mirrors (FEM1 , FEM2), thereafter 
the EUV light is condensed by another condenser mirror 
(CDM), and then exposure is effected using the con- 
densed EUV light as an exposure beam. 
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Description 

BACKGROUND OF THE INVENTION 

1 .Field of the Invention 

[0001] The present invention relates to an exposure 
method and an exposure apparatus used when a mask 
pattern is transferred onto a substrate in a lithography 
process for producing semiconductor integrated devic- 
es, image pickup devices (CCDs etc.), plasma displays, 
liquid crystal display devices and the like. More particu- 
larly, the present invention is preferably used when Ex- 
treme Ultra Violet light (EUV light) such as soft X-ray is 
used as an exposure beam. 

2. Description of the Related Art 

[0002] When semiconductor devices or the like are 
produced, in order to transfer a pattern of a reticle as a 
mask onto a wafer (or a glass plate or the like) as a sub- 
strate on which a resist is applied, various exposure ap- 
paratuses such as a projection exposure apparatus 
such as a stepper, and a proximity-type exposure appa- 
ratus for directly transferring the pattern onto the wafer 
are used. Such an exposure apparatus conventionally 
used ultra violet light such as an i-ray (wavelength of 
365 nm) of a mercury lamp and KrF excimer laser light 
(wavelength of 248 nm) as illumination lightfor exposure 
(exposure beam). Recently, in order to obtain higher 
resolution, development work has been proceeding to 
develop an exposure apparatus using vacuum ultravio- 
let light (VUV light) such as ArF excimer laser light 
(wavelength of 1 93 nm) and F 2 laser light (wavelength 
of 157 nm) as an exposure beam. As an illumination sys- 
tem or projection optical system of such a conventional 
exposure apparatus , a refractive system or a reflection 
refractive system has been used. 
[0003] Further, in order to produce finer semiconduc- 
tor devices and the like, development work has also 
been proceeding to develop an EUV exposure appara- 
tus which uses, as an exposure beam, extreme ultra vi- 
olet light (EUV light) such as a soft X-ray having a wave- 
length of about 100 nm or smaller. This EUV exposure 
apparatus uses, as an exposure light source, a SOR 
(Synchrotron Orbital Radiation) ring or a laser plasma 
light source or the like. The latter laser plasma light 
source utilizes EUV light, ultraviolet light, visible light 
and other light having other wavelengths which are gen- 
erated when an EUV light generating material (target) 
excited into a high temperature plasma state by irradi- 
ating the target with high brightness laser light is cooled. 
For exposure, EUV light having a wavelength of 5 to 20 
nm is mainly used as the exposure beam. In the EUV 
exposure apparatus which is under development at 
present, since an optical member which allows EUV 
light to pass therethrough excellently has not yet been 
developed, both the illumination optical system and the 



projection optical system are constituted by reflection 
type optical members, and a reticle is also of reflection 
type. 

[0004] Further, it is preferable to keep most portion of 

5 an optical path of an exposure beam of EUV light in a 
substantially vacuum state, but in order to maintain the 
entire optical path of the exposure beam in a high vac- 
uum, a structure of the exposure apparatus is increased 
in size as a whole, and producing cost thereof is also 

10 increased. Thereupon, Japanese patent Application 
Laid-open No. 5-21 7858, for example, proposes an ex- 
posure apparatus in which an optical path of an expo- 
sure beam is divided into a plurality of partial optical 
paths to vary a degree of vacuum among the partial op- 

15 tical paths, or gas having relatively high transmittance 
such as helium gas (He) is supplied to a portion of the 
optical path at which a degree of vacuum may be low. 
In this exposure apparatus, a window member which is 
transparent with respect to the exposure beam is dis- 

20 posed at a boundary portion for separating adjacent par- 
tial optical paths from each other. 
[0005] Further, Japanese Patent Application Laid- 
open No. 7-263322 also proposes an exposure appara- 
tus in which an optical path of exposure beam is divided 

25 into a plurality of partial optical paths to vary a degree 
of vacuum among the partial optical paths, and a win- 
dow member which is transparent with respect to the 
exposure beam is disposed at a boundary between ad- 
jacent partial optical paths. 

30 [0006] As described above, it has also been studied 
to use the laser plasma light source as the exposure light 
source in the EUV exposure apparatus. However, the 
EUV exposure apparatus using the laser plasma light 
source has a problem that when a target is irradiated 

35 with laser light, portions of the target itself fly away as 
scattering particles, i.e., debris, and the debris reach an 
illumination optical system, a reticle, a projection optical 
system and the like on the optical path of an exposure 
beam, and attach on a reflection member and the like 

40 used in them, and a reflectance is largely lowered. 
[0007] For this reason, as disclosed in the United 
States Patent (USP) 5,577,092, development work has 
been proceeding to develop a laser plasma light source 
using a gas jet cluster as a target for the purpose of not 

45 generating debris. However, also in this case, a nozzle 
for injecting gas is eroded by high temperature plasma 
generated in the vicinity of the nozzle, and some debris 
are adversely generated from the nozzle. 
[0008] In the case of an exposure apparatus in which 

50 an optical path of an exposure beam of EUV light is di- 
vided into a plurality of partial optical paths to vary a de- 
gree of vacuum among the partial optical paths (or to 
supply gas having high transmittance), a window mem- 
ber which is transparent with respect to the exposure 

55 beam is disposed at a boundary portion between adja- 
cent partial optical paths so as to maintain hermeticity 
therebetween. However, the window member in such a 
structure is made of material having a transmittance with 
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respect to the exposure beam as high as possible, and 
is formed thin so that the transmittance as a whole with 
respect to the exposure beam is improved to be as high 
as possible. Therefore, an effect for preventing debris 
from reaching an optical system located at a rear stage 
is not so great. Further, there is an adverse possibility 
that the window member is largely damaged by high 
temperature plasma and the like when the exposure 
light source is a laser plasma light source. 

SUMMARY OF THE INVENTION 

[0009] In view of the above circumstances, it is an ob- 
ject of the present invention to provide an exposure 
method capable of suppressing deterioration of optical 
characteristics of an optical member which guides an 
exposu re beam onto a pattern to be transferred or a sub- 
strate to be exposed even though the exposure method 
uses a light source in which particles such as scattering 
particles (debris) and the like are prone to be mixed in 
the emitted exposure beam. 

[0010] Further, it is another object of the present in- 
vention to provide an exposure apparatus capable of 
carrying out such an exposure method. 
[0011] According to a first aspect of the present inven- 
tion, there is provided an exposure method, comprising 
a step of transferring, using light having a wavelength 
of 1 00 nm or smaller as an exposure beam, a predeter- 
mined pattern onto a substrate, wherein when the pat- 
tern is irradiated with the exposure beam through a plu- 
rality of reflection members, particles mixed in the ex- 
posure beam is reduced. 

[0012] According to the exposure method of the first 
aspect of the present invention, like when a laser plasma 
light source is used, for example, even if scattering par- 
ticles are mixed in the exposure beam, the scattering 
particles are reduced on an optical path of the exposure 
beam. Therefore, the amount of scattering particles at- 
taching to the reflection members is reduced and thus, 
the deterioration in optical characteristics such as re- 
duction in reflectance of the reflection members or the 
pattern is suppressed. 

[0013] According to a second aspect of the invention, 
there is provided an exposure apparatus which 
transfers , using light having a wavelength of 1 00 nm or 
smaller as an exposure beam, a predetermined pattern 
onto a substrate, comprising: 

a light source which generates the light having the 
wavelength of 100 nm or smaller as the exposure 
beam; 

a plurality of reflection members which guides the 
exposure beam emitted from the light source to the 
pattern; and 

a transmission member disposed on an optical path 
of the exposure beam between the light source and 
the pattern and having a predetermined transmit- 
tance. 



[0014] According to the exposure apparatus of sec- 
ond aspect of the present invention, a function of particle 
adsorption by the transmission member is aggressively 
utilized, and the particles in the exposure beam is ad- 

5 sorbed or absorbed by the transmission member. That 
is, even if the scattering particles are generated from the 
light source, the scattering particles are absorbed by the 
transmission member on the optical path of the expo- 
sure beam. Therefore, it is possible to prevent the scat- 

10 tering particles from diffusing toward the pattern beyond 
the transmission member, and it is possible to suppress 
the reduction in reflectance of the reflection member or 
the pattern caused by the scattering particles, and the 
exposure method of the first aspect of the present in- 

15 vention can be carried out. 

[001 5] In this case, it is preferable to dispose a reflec- 
tion type optical integrator between the light source and 
the pattern, and to dispose the transmission member 
between the light source and the optical integrator. With 

20 this arrangement, even if the transmittance of the trans- 
mission member becomes uneven and the illumination 
of the exposure beam becomes uneven in some degree 
due to variation in thickness of the transmission member 
or due to the attachment of the scattering particles to 

25 the transmission members, the illumination distribution 
of the exposure beam is unformalized by the reflection 
type optical integrator. 

[0016] One example of the transmission member is a 
thin film (membrane) made of silicon (Si). A cooling 

30 mechanism for the transmission member may be pro- 
vided, or a mechanism for replacing the transmission 
member when the transmittance of the transmission 
member becomes uneven may be provided. Since the 
transmission member of the present invention is not dis- 

35 posed at the boundary between spaces having different 
degrees of vacuum, it is easy to provide the cooling 
mechanism or the replacing mechanism. 
[0017] According to a third aspect of the presenn in- 
vention, there is provided an exposure apparatus which 

40 transfers a pattern formed on a mask onto an object, 
comprising: 

a light source which generates extreme ultra violet 
light; 

45 an illumination optical system disposed, to illumi- 
nate the mask with the extreme ultraviolet light, on 
an optical path through which the extreme ultra vi- 
olet light passes, the illumination optical system in- 
cluding a plurality of reflection optical elements 
50 which includes an optical integrator; and 

an optical element disposed between the light 
source and the optical integrator to reduce sub- 
stances which are generated at the light source, 
flow into the optical path and lower reflectivity of the 
55 reflection optical elements. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and further objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description taken 
in conjunction with the accompanying drawings, where- 
in: 

Fig. 1 is a schematic partial sectional view showing 
one example of one embodiment of the present in- 
vention; 

Fig. 2 is diagram, partly in section, showing an illu- 
mination system 1 00 shown in Fig. 1 ; 
Fig. 3 is a diagram showing another example of the 
illumination system 100 shown in Fig. 2; 
Fig.4A is a diagram showing a first fly eye mirror 
FEM1; 

Fig.4B is a diagram showing a second fly eye mirror 
FEM2; and 

Fig. 5 is a partially enlarged perspective view show- 
ing the first fly eye mirror FEM1 of Fig.4A and the 
second fly eye mirror FEM2 of Fig.4B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] One example an embodiment of the present 
invention will be explained with reference to the draw- 
ings below. 

[0020] Fig. 1 schematically shows an entire structure 
of an exposure apparatus of the present example. In Fig. 
1, the exposure apparatus of the present example is a 
reduction projection type exposure apparatus for carry- 
ing out a scanning exposure operation in a step-and- 
scan manner using, as an exposure beam (exposure 
light), Extreme Ultraviolet Light ("EUV light", hereinafter) 
EL in a soft X-ray region having a wavelength of 5 to 20 
nm. As will be described later, the present example uses 
a projection optical system 200 which projects a main 
beam of a reflection luminous flux from a reticle 2 as a 
mask disposed on an object side substantially perpen- 
dicularly onto a wafer 10 disposed on an image side. 
The projection optical system 200 is a reflection system 
(projection magnification is 1/4, 1/5, 1/6 and the like) in- 
cluding only a plurality of (e.g., three to eight, and four 
in Fig. 1 ) reflection optical devices, and the reflection 
system is non-telecentric on the object side and is tele- 
centric on the image side . In the following explanation, 
a direction parallel to the main beam of the EUV light EL 
entering the wafer 1 0 from the projection optical system 
200 is called as an optical axis direction of the projection 
optical system 200. It is defined that a Z-axis is parallel 
to the optical axis direction, a Y-axis is directed to a lat- 
eral direction of the paper sheet of Fig. 1 within a plane 
perpendicular to the Z-axis (corresponding to a substan- 
tially "horizontal plane" in the present example), and an 
X-axis is perpendicular to the paper sheet of Fig. 1 . 
[0021] The exposure apparatus of the present exam- 



ple comprises an illumination system 1 00 including a la- 
ser plasma light source as an exposure light source. The 
EUV light EL as an exposure beam is emitted to an ex- 
posure body substantially horizontally along the Y direc- 
5 tion. The exposure body comprises a reflecting mirror 1 
for reflecting the EUV light EL from the illumination sys- 
tem 1 00 to allow the EUV light EL to enter a pattern sur- 
face (a lower surface in Fig. 1 ) of the reticle 2 at a pre- 
determined incident angle, a reticle stage 3 as a mask 
10 stage for holding the reticle 2, the projection optical sys- 
tem 200 including a refection system for projecting the 
EUV light EL reflected from the pattern surface of the 
reticle 2 onto a surface to be exposed of the wafer 1 0, 
oblique-incidence type autofocus sensors ("AF sen- 
's sors" hereinafter) 4 and 5 located on the reticle side, 
oblique-incidence type AF sensors 1 2 and 1 3 on the wa- 
fer side, an off-axis type alignment sensor ALG as a 
mark detecting system, and the like. 
[0022] First, the illumination system 100 of the 
20 present example will be explained with reference to 
Figs.2 to 5. 

[0023] Fig. 2 shows the illumination system 100. In 
Fig. 2, the gas jet cluster type laser plasma light source 
of the present example includes a high output laser light 

25 source LD such as a YAG laser light source utilizing 
semiconductor laser pumping or an excimer laser light 
source, a condenser lens CL for condensing laser light 
from the high output laser light source LD, a nozzle NZL 
for injecting xenon gas (Xe), krypton gas (Kr) and the 

30 like as a target of the laser plasma light source, and a 
condenser mirror CM. 

[0024] Here, the manner of generating EUV light will 
be explained simply. First, laser light emitted from the 
high output laser light source LD is condensed to one 

35 point by the condenser lens CL. Xenon gas, krypton gas 
and the like as the target of the laser plasma light source 
are injected from the nozzle NZL to this condensed 
point, and the target is optically pumped into a plasma 
state by energy of the laser light from the high output 

40 laser light source LD. When the target is changed to a 
low potential state (cooled) , the target emits EUV light, 
ultraviolet light having a wavelength of 1 00 nm or longer, 
visible light and other light having other wavelengths. 
[0025] The EUV light and the like generated in this 

45 manner diverge to all directions. For the purpose of con- 
densing or gathering the light, there is provided the con- 
denser mirror CM having a spheroidal reflection plane 
which is formed such as to surround the target. The laser 
light from the high output laser light source LD is con- 

50 densed in the vicinity of a first focus in the condenser 
mirror CM. An inner surface of the condenser mirror CM 
is formed with an EUV light reflection layer for reflecting 
the EUV light, and a cooling apparatus (not shown) is 
mounted to a back face of the condenser mirror CM. 

55 Since light having a wavelength which is not reflected is 
absorbed by a multilayered film and the like and 
changed into heat, the condenser mirror CM rises in 
temperature. A cooling apparatus for cooling the con- 
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denser mirror CM is necessary. As the cooling appara- 
tus, one using a cooling liquid is preferable in terms of 
cooling efficiency, but the cooling apparatus is not limit- 
ed to this. A metal is suitable as a material of the con- 
denser mirror CM because the metal has excellent ther- 
mal conductivity. It is known that when a multilayered 
film including two kinds of materials laminated alternate- 
ly is used as a reflection layer of EUV light formed on a 
surface of the condenser mirror CM, it is possible to re- 
flect only light having a specific wavelength. For exam- 
ple, when molybdenum (Mo) and silicon (Si) are alter- 
nately coated several tens layers, it is possible to selec- 
tively reflect EUV light having a wavelength of about 13 
nm. Further, when molybdenum (Mo) and beryllium (Be) 
are alternately coated several tens layers, it is possible 
to selectively reflect EUV light having a wavelength of 
about 11 nm. 

[0026] The EUV light EL selectively reflected by the 
condenser mirror CM of the present example is con- 
densed in the vicinity of a second focus of the condenser 
mirror CM as an exposure beam. A transmission filter 
18 (the detail of which will be described later) having a 
predetermined transmittance with respect to the EUV 
light EL is disposed in the vicinity of the second focus. 
The EUV light EL reflected and condensed by the con- 
denser mirror CM passes through the transmission filter 
18 and then, the EUV light EL is reflected and deflected 
by a concave reflection surface of reflecting mirror 17 
and becomes a substantially parallel luminous flux, and 
enters the first fly eye mirror FEM1 as a reflection type 
optical integrator (homogenizer). The EUV light EL re- 
flected by the first fly eye mirror FEM1 is reflected by the 
second fly eye mirror FEM2 and its illumination distribu- 
tion is uniformed. In this state, the EUV light EL is re- 
flected and condensed by a condenser mirror CDM, and 
deviated toward the reflecting mirror 1 shown in Fig. 1 . 
[0027] Although it is not illustrated in Fig. 2, an EUV 
light selection plate is provided on the traveling direction 
side (right side in Fig. 2) of the EUV light EL reflected by 
the condenser mirror CDM for the purpose of filtering 
out ultraviolet light other than light having exposure 
wavelength and visible light and allowing only EUV light 
EL to pass. This is because the EUV reflection film in- 
cluding the multilayered film formed on the condenser 
mirror CM has considerably sharp wavelength selectiv- 
ity with respect to a wavelength of near the EUV light, 
and selectively reflects only light of a specific wave- 
length used for exposure, but the EUV reflection film al- 
so adversely reflect ultraviolet light having a wavelength 
far from the exposure wavelength, visual light and the 
like as well. When such light having these wavelengths 
is introduced to the reticle 2 and the projection optical 
system 200, because of excessive energy, there is an 
adverse possibility that the mirrors 6 to 9 constituting 
the reticle 2 and the projection optical system 200 may 
be heated, and at the worst, unnecessary light may be 
transferred onto the wafer 1 0 and an image may be de- 
teriorated. Therefore, the unnecessary light is eliminat- 



ed by the EUV light selection plate. A thin metal film or 
the like can be used as the EUV light selection plate. 
The transmission filter 1 8 may be provided with a func- 
tion of the EUV light selection plate. 

5 [0028] The above-described laser plasma light 
source, the transmission filter 18, the reflecting mirror 
17, the first fly eye mirrors FEM1 and FEM2, the con- 
denser mirror CDM and the like constitute the illumina- 
tion system 1 00. The transmission filter 1 8 of the present 

10 example is disposed at the incident surface side of the 
reflecting mirror 1 7, i.e., between the first fly eye mirrors 
FEM1 and FEM2 and the plasma light source, and 
therefore, the first fly eye mirrors FEM1 and FEM2 will 
be explained first. 

15 [0029] As shown in Fig.4A, the first fly eye mirror 
FEM1 includes a plurality of (three, in the present ex- 
ample) optical device groups GE1 1 to GE1 3. The optical 
device groups GE11, GE12 and GE13 respectively in- 
clude reflection optical devices E11a to E11v, E12a to 

20 E1 2y and E1 3a to E1 3v respectively arranged along ax- 
es A1 , A2 and A3 parallel to the Z axis and respectively 
having arc reflection surfaces which are elongated in the 
X direction. As shown in Fig.4B, the second fly eye mir- 
ror FEM2 includes a plurality of (three, in the present 

25 example) optical device groups GE21 to GE23. The op- 
tical device groups GE21 to GE23 include a plurality of 
reflection optical devices E2 each having a substantially 
square reflection surface. The optical device groups 
GE21 to GE23 are arranged circular as a whole. 

30 [0030] As shown in Fig. 5, of luminous fluxes (expo- 
sure beams) entering the optical device group GE11 
having the axis A1 of the first fly eye mirror FEM1, a 
luminous flux reflected by the reflection optical device 
E1 1 a having an upper point C1 a as its center enters re- 

35 flection surfaces (expressed with a region la as a rep- 
resentative) of a plurality of upper reflection optical de- 
vices E2 of the optical device group GE2i (i=1 to 3) of 
the second fly eye mirror FEM2. Similarly, of luminous 
fluxes entering the optical device group GE11, a lumi- 

40 nous flux reflected by the reflection optical devices E1 1 f 
and E11k respectively having a center point C1f and a 
lower point C1 k as their centers enter reflection surfaces 
(expressed with regions If and Ik as representatives) of 
a plurality of center and lower members of the reflection 

45 optical devices E2 of the optical device group GE2i. In 
this manner, each luminous flux from each of the reflec- 
tion optical devices of the optical device groups GE11 
to GE13 of the first fly eye mirror FEM1 enters the plu- 
rality of laterally arranged reflection optical devices E2 

50 of the second fly eye mirror FEM2. 

[0031] In this case, the number of the reflection optical 
devices of the first fly eye mirror FEM1 arranged in the 
Z direction is about three times more than the number 
of those of the second fly eye mirror FEM2 arranged in 

55 the Z direction. Therefore, illuminance on each of the 
reflection optical devices E2 of the second fly eye mirror 
FEM2 is uniformed by integral effect. The condenser 
mirror CDM shown in Fig. 2 is irradiated, in a superim- 
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posing manner, with reflection light from each of the re- 
flection optical device E2 of the second fly eye mirror 
FEM2, thereby further enhancing the uniformity of the 
illuminance distribution of the EUV light EL. 
[0032] When the laser plasma light source is used as 
in the present example, the nozzle NZL shown in Fig. 2 
may be eroded by high temperature plasma and thus 
scattering particles , i.e., debris may be adversely gen- 
erated from the nozzle NZL in some cases. In order to 
avoid ill effects such as deterioration in illuminance and 
deterioration in uniformity of illuminance distribution of 
the exposure beam which are caused by debris attach- 
ing to the optical members (such as the reflecting mir- 
rors 1 and 17, the fly eye mirrors FEM1 and FEM2, the 
condenser mirror CDM, the reticle 2, the projection op- 
tical system 200) used in the exposure apparatus, and 
the like, the transmission filter 18 is disposed at the in- 
cident surface side of the reflecting mirror 1 7 in the illu- 
mination system 1 00 of the present example. The trans- 
mission filter 1 8 of the present example is formed in such 
a manner that a central portion of a silicon wafer which 
is a disk-like silicon (Si) is etched into a predetermined 
thickness to form a thin film portion 18a (membrane). 
When EUV light EL as the exposure beam passes 
through the thin film portion 18a corresponding to the 
transmission member, most of debris mixed in the EUV 
light EL is adsorbed or absorbed. For this reason, it is 
preferable that the transmittance of the thin film portion 
18a is set in a range of 10 to 90% with respect to the 
EUV light EL. 

[0033] In Fig.2, the transmission filter 1 8 for EUV light 
of the present example is mounted on a rotation plate 
101 . The rotation plate 101 is also provided with an un- 
used replacement transmission filter 18A. Further, the 
rotation plate 1 01 is also provided with a cooling appa- 
ratus 103, which effectively dissipates heat accumulat- 
ed in the transmission filter 18. The cooling apparatus 
1 03 may be of a liquid-cooling type in which cooled liquid 
is circulated, of a heat-absorbing type in which heat is 
absorbed using Peltier device or the like, of a heat ex- 
change type in which heat is released to a heat-dissi- 
pating plate using a heat pipe, or the like. When the 
transmission filter 18 is damaged by irradiation of EUV 
light EL or when debris is attached and the transmit- 
tance of the thin film portion 18a with respect to EUV 
light is lowered, a driving section 1 02 rotates the rotation 
plate 101 to replace the transmission filter 18 with the 
unused transmission filter 18A. By replacing the trans- 
mission filter 1 8 with the new one, the illuminance of the 
exposure beam is maintained at a high level. 
[0034] The transmission filter 1 8 of the present exam- 
ple is disposed in the vicinity of the second focus of the 
condenser mirror CM on the optical path between the 
condenser mirror CM and the reflecting mirror 17, i.e., 
disposed at a position where a beam diameter of the 
EUV light EL becomes thinnest. A thickness of the thin 
film portion 18a of the transmission filter 18 is set to ^\xrr\ 
or smaller in some cases, and since the area of the thin 



film portion 18a of the transmission filter 18 can be made 
minimum by the above-described disposition, there is a 
merit that the strength of the thin film portion 1 8a can be 
maintained at a high level. 

5 [0035] The transmission filter 18 may be disposed at 
a position slightly away from a position where the beam 
diameter of the EUV light EL becomes thinnest like a 
position 18B shown with a dotted line. At the position 
where the beam diameter of the EUV light EL becomes 

10 thinnest, energy of EUV light concentrates on substan- 
tially one point and thus, there is an adverse possibility 
that the transmission filter 18 is prone to be damaged. 
Therefore, when the transmission filter 18 is disposed 
at the position 1 8B slightly away from the position where 

15 the beam diameter of the EUV light EL becomes thin- 
nest, it is possible to reduce a load of thermal stress 
applied to the transmission filter 18 to enhance the du- 
rability of the transmission filter 18 without increasing 
the area of the thin film portion 18a of the transmission 

20 filter 18 so much. 

[0036] As shown in Fig.3, the transmission filter 1 8 for 
EUV light may be disposed between the reflecting mirror 
17 and the first fly eye mirror FEM1, i.e., at a position 
1 8C immediately in front of the first fly eye mirror FEM1 . 

25 it is necessary to increase the area of the thin film portion 
1 8a (see Fig.2) of the transmission filter 1 8 as compared 
with a case in which the transmission filter 18 is dis- 
posed between the condenser mirror CM and the re- 
flecting mirror 1 7, but it is possible to reduce the energy 

30 of the EUV light EL irradiated per unit area to enhance 
the durability of the transmission filter 1 8. Further, when 
the transmission filter 1 8 is disposed closer to the laser 
plasma light source than the first fly eye mirrors FEM1 
and FEM2 as in the above-mentioned embodiment, 

35 even though the transmittance distribution of the trans- 
mission filter 18 becomes nonuniform and the illumi- 
nance distribution of the EUV light EL becomes nonuni- 
form due to thickness variation of the thin film portion 
1 8a of the transmission filter 1 8 or attachment of debris 

40 to the transmission filter 1 8 and the like, there is a merit 
that the illuminance distribution of the EUV light EL is 
uniformed by the first fly eye mirrors FEM1 and FEM2. 
[0037] Although silicon (Si) is used as the material for 
the transmission filter 18, the material of the transmis- 

45 sion filter 1 8 is not limited to this, and any material may 
be used only if it has a predetermined transmittance with 
respect to the EUV light and it can prevent debris from 
entering the optical path of the EUV light. 
[0038] Referring back to Fig.1, although the reticle 

50 stage 3 for holding the reticle 2 is omitted in Fig. 1 , ac- 
tually, the reticle stage 3 is supported in a floating man- 
ner by a two-dimensional linear actuator of a magnetic 
levitation type on a reticle base disposed along an XY 
plane. The actuator includes a permanent magnet (not 

55 shown) provided on a bottom of a peripheral portion of 
the reticle stage 3, and a coil running throughout on the 
reticle base two dimensional ly of the X and Y directions. 
By controlling a current flowing through the coil, six-di- 
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mensional position and attitude of the reticle stage 3 are 
controlled. That is, the reticle stage 3 is driven in the Y 
direction by the actuator through a predetermined stroke 
(e.g., about 100 mm or more), and is driven in the X di- 
rection and 0 direction (direction of rotation around the 
Z axis) slightly. It is also possible to slightly drive the 
reticle stage 3 in an inclined direction with respect to the 
Z direction and the XY plane by the actuator. 
[0039] The reticle stage 3 comprises a reticle holder 
for adsorbing and holding the reticle 2 such as to be op- 
posed to the reticle base, a stage body for holding a pe- 
riphery of the reticle holder, and a temperature control 
section, provided at a back face side (upper surface 
side) of the reticle holder within the stage body, for con- 
trolling a temperature of the reticle holder. The reticle 
holder holds the reticle 2 in an electrostatic chuck man- 
ner. This is because EUV light EL is used as the expo- 
sure beam and thus, actually, the exposure apparatus 
of the present example is accommodated in a vacuum 
chamber (not shown), and it is difficult to use a vacuum 
chuck type reticle holder. The reticle holder may be 
made of material such as low-expansion glass, ceram- 
ics or the like used in a conventional exposure appara- 
tus using deep ultraviolet light (DUV light) having a 
wavelength of about 200 to 300 nm. 
[0040] A plurality of temperature sensors are dis- 
posed on a reticle adsorbing surface of the reticle holder 
at predetermined distances from one another. The tem- 
perature sensors precisely measure a temperature of 
the reticle 2 and keep the temperature of the reticle 2 at 
a target temperature based on the measured value. A 
cooling apparatus constituting the temperature control 
section may be of a liquid-cooling type for introducing, 
therein, acool liquid from outside through a flexible tube, 
of a type using an electronic device such as a Peltier 
device, or of a heat exchange type using a heat pipe. 
[0041] A side surface of the reticle stage 3 at the -Y 
direction side is mirror finished and formed with a reflec- 
tion surface for reflecting light in a visible region. Al- 
though it is not illustrated in Fig. 1 , a side surface of the 
reticle stage 3 at the -X direction side is also mirror fin- 
ished and formed with a reflection surface for reflecting 
light in the visible region. In the exposure apparatus of 
the present example, like the conventional exposure ap- 
paratus using DUV light as the exposure beam, a posi- 
tion and a rotation amount (yawing amount, pitching 
amount and rolling amount) of the reticle stage 3 in the 
XY plane are monitored by an interferometer system 
which irradiates the reflection surface and the like with 
a measurement beam. In this case, Y coordinate and 
the rotation amount (pitching amount) of the reticle 
stage 3 around the X axis with respect to the position of 
the projection optical system 200 is measured by a 
measurement beam RIFYR supplied to a reference mir- 
ror 1 9 provided on aside surface of the projection optical 
system 200 and a measurement beam RIFYM supplied 
to the reflection surface of the reticle stage 3. Similarly, 
X coordinate the rotation angle (rotation amount (yawing 



amount) around the Z axis and the rotation amount (roll- 
ing amount) around the Y axis of the reticle stage 3 with 
respect to the position of the projection optical system 
200 are measured. The position (focus position) in the 

5 Z direction and the inclination amount of the reticle 2 are 
measured by the AF sensors 4 and 5 including an illu- 
mination optical system 4 for diagonally projecting a slit 
image on a surface to be detected and a photoreceiver 
optical system 5 for re-forming the image of the slit im- 

10 age with luminous flux from the surface to be detected 
and outputting a signal which corresponds to a lateral 
deviation amount of the re-image-formed image. 
[0042] A reflection film for reflecting the EUV light EL 
is formed on a surface (pattern surface) of the reticle 2. 

15 This reflection film is, for example, a multilayered film 
including two kinds of material laminated alternately. 
When the wavelength of the EUV light EL is about 13 
nm, when a multilayered film including alternately lami- 
nated molybdenum (Mo) and silicon (Si) is used, a re- 

20 flectance of about 70% can be obtained. When the 
wavelength of the EUV light EL is about 11 nm, a multi- 
layered film including alternately laminated molybde- 
num (Mo) and beryllium (Be) can be used as the reflec- 
tion film. A master pattern is formed by applying an ab- 

25 sorbing film which absorbs EUV light all over the reflec- 
tion film and by patterning the absorbing film. If the re- 
flection film itself such as the multilayered film is pat- 
terned, when a defect is caused in the pattern, it is dif- 
ficult to repair the pattern, but if the absorbing film on 

30 the reflection film is patterned, the pattern can be re- 
processed and thus, it is easy to repair the pattern. Since 
most of existent materials do not reflect EUV light, the 
materials can be used for the absorbing layer. In the 
present example, since the AF sensors 4 and 5 are used 

35 for measuring the position of the reticle 2 in the Z direc- 
tion, the absorbing layer is made of material capable of 
obtaining a reflectance substantially equal to that of the 
reflection layer (reflection film). Other criteria for select- 
ing material of the absorbing layer are that it is easy to 

40 form a pattern, the absorbing layer can be in tight con- 
tact with the reflection layer, and secular change by ox- 
idation is small. 

[0043] Since the reticle 2 is formed on its surface with 
the reflection layer as described above, its material itself 

45 is not especially limited. Examples of the material of the 
reticle 2 are low-expansion glass, quartz glass, ceram- 
ics, and a silicon wafer. As a criteria for selecting the 
material, the same material as the reticle holder may be 
used as the material of the reticle 2 for example. Ther- 

50 mal expansion is caused in the reticle 2 and the reticle 
holder due to temperature increasing by the irradiation 
of exposure beam and the like. If materials of both the 
members are the same, they expand in the same 
amount and thus, there is a merit that a deviation force 

55 (thermal stress) does not act between both the mem- 
bers. The material of the reticle 2 is not limited to this, 
and even if the material of the reticle 2 is different from 
that of the reticle holder, when the two materials have 
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substantially the same thermal coefficients of linear ex- 
pansion, the same effect can be obtained. For example, 
a silicon wafer may be used as the material of the reticle 
2, and silicon carbide (SiC) may be used as the material 
of the reticle holder. When the silicon wafer is used as 
the material of the reticle 2, there is a merit that a 
processing apparatus and the like used for producing 
semiconductor devices such as a pattern forming appa- 
ratus, a resist applying apparatus and an etching appa- 
ratus can be used as they are for producing the reticle 
2. In the present example, silicon wafer is used as the 
material of the reticle 2 and the reticle holder is made of 
SiC for these reasons. 

[0044] Although it is not illustrated in Fig. 1 , a movable 
blind and a slit plate as a field stop are disposed in prox- 
imity to and below the reticle 2 (on the incident side of 
the EUV light EL). More specifically, these movable blind 
and slit plate are disposed in the reticle base (not shown) 
on which the reticle stage 3 is disposed. 
[0045] The slit plate is for defining an arc illumination 
region. The slit plate may be secured to the projection 
optical system 200, but in the present example, the slit 
plate can be driven by a driving mechanism as a switch- 
ing mechanism including a motor and the like. The slip 
plate comprises a first slit for defining an arc illumination 
region on the reticle 2 irradiated with the EUV light EL 
as the exposure beam, and a second slit for defining an 
illumination region including portions of alignment 
marks formed on both sides of a pattern region of the 
reticle 2. At the time of exposure, the slit plate is 
switched such that the arc illumination region is irradi- 
ated with light, and at the time of positioning of the reticle 
2 (alignment), the slit plate is switched such that the re- 
gion including the alignment mark is irradiated with light. 
[0046] When it is not desired to transfer, onto the wa- 
fer 1 0, a redundant circuit pattern (or portion other than 
a pattern region) formed in the same reticle, the movable 
blind prevents the redundant circuit portion from being 
included in the illumination region. Movement of the 
movable blind in the Y direction is controlled in synchro- 
nization with movement of the reticle stage 3 in the Y 
direction by a predetermined driving mechanism. In this 
case, the movable blind may start scanning in the same 
manner as the reticle 2 after the reticle 2 started scan- 
ning, or may start moving when a target pattern to be 
hidden comes to the illumination region. 
[0047] Next, the projection optical system 200 of the 
present example will be explained in detail. The projec- 
tion optical system 200 is a reflection system including 
a reflection optical device (mirror) only, and its projection 
magnification from the reticle 2 to the wafer 10 is 1/4 
times. Therefore, the EUV light EL reflected by the ret- 
icle 2 and including pattern information formed on the 
reticle 2 forms, onto the wafer 10, an image which is 
reduced to 1/4 of the pattern in the illumination region 
of the reticle 2 through the projection optical system 200. 
[0048] The projection optical system 200 includes 
four mirrors (reflection optical devices) in total, i.e., a first 



mirror 6, a second mirror 7, a third mirror 8 and a fourth 
mirror 9. The projection optical system 200 further in- 
cludes a lens barrel 14 for holding these mirrors 6 to 9. 
The first mirror 6 and the fourth mirror 9 have concave 

5 aspherical reflection surfaces, the second mirror 7 has 
a flat reflection surface, and the third mirror 8 has a con- 
vex spherical reflection surface. It is preferable that a 
convex surface such as the reflection surface of the third 
mirror 8 is a spherical surface to suit the convenience 

10 of working and measuring operations. A material of each 
of the mirrors is a low-expansion glass or metal, and 
each mirror is formed on its surface with a reflection lay- 
er for reflecting EUV light EL. The reflection layer is 
formed of a multilayered film including two kinds of ma- 

15 terials laminated alternately like the reticle 2. 

[0049] In this case , the fourth mirror 9 is formed with 
a through hole so that light (exposure beam) reflected 
by the first mirror 6 can reach the second mirror 7. Sim- 
ilarly, in order for light reflected by the fourth mirror 9 to 

20 reach the wafer 10, an outward appearance of the first 
mirror 6 is formed with a notch so that a luminous flux 
can pass therethrough. The first mirror 6 may be formed 
with a through hole. 

[0050] When exposure is performed using the EUV 

25 light EL, since space in which the projection optical sys- 
tem 200 is placed is also maintained under vacuum, 
heat caused by irradiation of the exposure beam can not 
be released by only disposing the mirrors 6 to 9. There- 
upon, in the present example, the mirrors 6 to 9 and the 

30 mirror barrel 1 4 holding the mirrors 6 to 9 are connected 
to each other through heat pipes HP, and a cooling ap- 
paratus (not shown) for cooling the mirror barrel 14 is 
provided. That is, the mirror barrel 14 is formed into a 
double structure including an inner mirror holding por- 

35 tion and a cooling jacket mounted to its outer periphery. 
A helical pipe for flowing a cooling liquid is provided in 
the cooling jacket. Here, a cooling water is used as the 
cooling liquid. The cooling water flowing out from the 
cooling jacket through an outflow tube performs the heat 

40 exchange with a refrigerant in the cooling apparatus (not 
shown) and cooled down to a predetermined tempera- 
ture and then, flows into the pipe in the cooling jacket, 
and the cooling water circulates in this manner. 
[0051 ] For this reason, in the projection optical system 

45 200 of the present example, even if thermal energy is 
given to the mirrors 6 to 9 by the irradiation of the EUV 
light EL, the thermal exchange is performed by the heat 
pipes HP between the mirrors and the mirror barrel 14 
whose temperature is adjusted to a constant value, and 

50 a temperature of each of the mirrors 6 to 9 is maintained 
at a constant value. In this case, in the present example, 
the heap pipes HP are attached not only to the back sur- 
face sides of the mirrors 6, 7, 9 and the like but also to 
portions of the front surface sides (at the reflection sur- 

55 face sides) thereof which are not irradiated with expo- 
sure beam. Therefore, the mirrors can be cooled more 
effectively as compared with a case in which only the 
back surface side is cooled. The heat pipes HP on the 
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back surface side of the third mirror 8 and the front sur- 
face side of the first mirror 6 reach the inner peripheral 
surface of the mirror barrel 1 4 in a direction of depth on 
the paper sheet of Fig. 1 . The mirror barrel 14 has a 
square prism like outer appearance. 
[0052] The wafer 10 is placed on a wafer stage 11. 
The wafer stage 1 1 is supported in a floating manner by 
a magnetic levitation type two-dimensional linear actu- 
ator 1 6 on a wafer base 1 5 disposed along an XY plane. 
The actuator 1 6 includes a permanent magnet provided 
on a bottom surface of the wafer stage 11, and a coil 
running throughout on the wafer base 1 5 two dimension- 
ally of the X and Y directions. The wafer stage 1 1 is driv- 
en in the X and Y directions by the actuator 1 6 through 
a predetermined stroke (e.g., about 300 to 400 mm), and 
is driven also in the 9 direction (direction of rotation 
around the Z axis) slightly. It is also possible to slightly 
drive the wafer stage 11 in an inclined direction with re- 
spect to the Z direction and the XY plane by the actuator 
16. 

[0053] An electrostatic chuck type wafer holder (not 
shown) is placed on the upper surface of the wafer stage 
1 1 , and the wafer 1 0 is adsorbed and held by the wafer 
holder. Although it is not illustrated in Fig. 1 , aside sur- 
face of the wafer stage 11 in the +Y direction is mirror- 
finished and formed with a reflection surface for reflect- 
ing visible light. Similarly, a side surface of the wafer 
stage 11 in the -X direction is also formed with a reflec- 
tion surface for reflecting visible light. A position and a 
rotation amount (yawing amount, pitching amount and 
rolling amount) of the wafer stage 11 in the XY plane 
with respect to the projection optical system 200, for ex- 
ample, are precisely measured by an interferometer 
system which irradiate the reflection surfaces with 
measurement beams. 

[0054] A position and an inclination amount of the wa- 
fer 1 0 in the Z direction with respect to the mirror barrel 
14 shown in Fig. 1 are measured by the AF sensors 12 
and 13 including an illumination optical system 12 for 
diagonally projecting a slit image onto a surface to be 
detected and a photoreceiver optical system 13 for re- 
forming the image of the slit image from a luminous flux 
from the surface to be detected and outputting a signal 
which corresponds to a lateral deviation amount of the 
re-formed image. As the FA sensors, for example, a 
multipoint focus position detecting system disclosed in 
Japanese Patent Application Laid-open No. 6-283403 
and the corresponding US Patent No. 5, 448, 332, the dis- 
closures of which are herein incorporated by reference, 
can be used. It is important that the AF sensors 1 2 and 
1 3 are integrally secured to the mirror barrel 1 4. The wa- 
fer stage 11, i.e., the focus position and the inclination 
angle of the wafer 1 0 are corrected through the magnet- 
ic levitation type two-dimensional linear actuator 16 
based on the measured values from the AF sensors 12 
and 13. 

[0055] One end of the upper surface of the wafer 
stage 11 is provided with a space image measuring 



member FM for EUV light. The space image measuring 
member FM measures a relative positional relation (i.e., 
a so-called base line amount) between a position where 
the pattern formed on the reticle 2 is projected onto the 

5 surface of the wafer 10 and a detection center of an 
alignment sensor ALG. The space image measuring 
member FM corresponds to a reference mark plate of 
the conventional exposure apparatus using DUV light. 
[0056] An upper surface of the space image measur- 

10 ing member FM is formed with a slit as an opening. This 
slit is formed by making a pattern in the EUV light reflec- 
tion layer formed on a surface of a fluorescence gener- 
ating material secured on the upper surface of the wafer 
stage 1 1 and having a predetermined thickness. A pho- 

15 toelectric conversion device such as a photo multiplier 
is disposed in the wafer stage 11 at the bottom surface 
side of the slit. With this disposition, when the space im- 
age measuring member FM is irradiated with EUV light 
EL from above through the projection optical system 

20 200, the EUV light EL which has passed through the slit 
reaches the fluorescence generating material, and this 
fluorescence generating material emits light having a 
longer wavelength than that of the EUV light. This light 
is received by the photoelectric conversion device and 

25 converted into a detection signal corresponding to in- 
tensity of the light. With this operation, the projection po- 
sition on the wafer stage 1 1 of the reticle pattern can be 
easily obtained. Instead of this reflection layer, an EUV 
light absorbing layer may be provided, and this absorb- 

30 ing layer may be formed with the slit. 

[0057] Next, the operation of the exposure procedure 
after the second layer by the exposure apparatus of the 
present example will be explained. The laser plasma 
light source of the illumination system 1 00 does not emit 

35 light until the alignment operation of the reticle or the 
exposure of the wafer is started. In Fig. 1 , the reticle 2 is 
transferred by a reticle transfer system (not shown) and 
the reticle 2 is adsorbed and held by the reticle holder 
of the reticle stage 3 located on the loading position. The 

40 wafer 10 on which an EUV light EL-sensitive resist is 
applied is placed on the wafer stage 1 1 by a wafer trans- 
fer system (not shown) and wafer-delivery mechanism 
(not shown) on the wafer stage 11 . 
[0058] Next, a position of the wafer alignment mark 

45 (one or more per one shot) which is a previously deter- 
mined as a sample of the wafer alignment marks pro- 
vided in each shot region of the wafer 10 on the wafer 
stage 11 is detected using the alignment sensor ALG 
while sequentially moving the wafer stage 1 1 . When the 

50 detection of the positions of the wafer alignment marks 
of the sample shots was completed, coordinates of ar- 
rangement in all the shot regions on the wafer 10 are 
obtained using statistical technique utilizing least 
squares method disclosed in, e.g., Japanese Patent Ap- 

55 plication Laid-open No. 61 -44429 and the corresponding 
US Patent No. 4, 780, 61 7, the disclosures of which are 
herein incorporated by reference, using the detected da- 
ta (this alignment technique is called as "EGA (en- 
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hanced global alignment" hereinafter). Alternatively, a 
variation amount including coordinates of arrangement 
in all the shot regions on the wafer 1 0 and magnification 
of each shot are obtained using statistical technique uti- 
lizing least squares method disclosed in, e.g., Japanese 
Patent Application Laid-open No. 6-275496, the disclo- 
sure of which is herein incorporated by reference, using 
the data of detected positions of the plurality of wafer 
alignment marks in the shots (this alignment technique 
is called as "multipoint EGA in shots" hereinafter). 
[0059] When the measurement of the alignment was 
completed in this manner, a variation in magnification of 
the shot (X, Y scaling) is calculated based on a shot dis- 
tance found from the result of the above-described EGA, 
or based on a shot size found from the result of the 
above-described multipoint EGA in shots. Then, calcu- 
lation is carried out for obtaining a control amount of pro- 
jection magnification for making a size of the reticle pat- 
tern image in the X direction (second direction) coinci- 
dent with a size of the shot region on the wafer 10 in 
accordance with the magnification variation amount, i. 
e., a driving amount of the reticle 2 in the Z direction, 
and the reticle 2 is driven in the Z direction (vertical di- 
rection) by the calculated amount. 
[0060] When the reticle 2 is driven in the Z direction, 
the projection magnification is varied and the position of 
the projection region of the reticle pattern image is de- 
viated. Therefore, the base line and the projection mag- 
nification are measured using the space image meas- 
uring member FM as described above. Next, based on 
the result of the measurement of magnification, it is 
judged whether an adjustment remaining error of the 
projection magnification with respect to the target mag- 
nification adjustment amount is equal to or smaller than 
the allowance. If the result of the judgment was NO, i. 
e., if the adjustment remaining error of the projection 
magnification exceeded than the allowance, a proce- 
dure is return to the step for driving the reticle 2 for re- 
setting the projection magnification, and the reticle 2 is 
re-driven in the Z direction and then, the above-de- 
scribed procedure and judgment are repeated. On the 
other hand, if the result of the judgment was YES, i.e., 
if the adjustment remaining error of the projection mag- 
nification was equal to or smaller than the allowance, 
the slip plate below the reticle 2 is switched to a position 
where the illumination region is irradiated with the EUV 
light EL and then, the procedure is advanced to a next 
step. 

[0061] Next, scanning and exposure are carried out 
in the step-and-scan manner using the EUV light EL as 
the exposure beam. That is, in accordance with the po- 
sition information, obtained by the above described pro- 
cedure, on each regions on the wafer 10, the wafer 
stage 11 is positioned at a scan-starting position of a 
first shot and the reticle stage 3 is positioned at a scan- 
starting position while monitoring position information 
from the AF sensors 4, 5, the AF sensors 12,13 and the 
interferometer system, thereby carrying out the scan- 



ning and exposure of the first shot. When the scanning 
and exposure are carried out, speeds of the following 
both stages are controlled such that the velocity ratio of 
the reticle stage 3 and the wafer stage 11 substantially 

5 coincide with the projection magnification of the projec- 
tion optical system 200, and the exposure (transfer of 
reticle pattern) is carried out in a constant speed and 
synchronization state of the velocity ratio of the both 
stages . When the scanning and exposure of the first 

10 shot were completed, a stepping action is carried out 
between shots in which the wafer stage 1 1 is moved the 
scan-starting position of a second shot. The scanning 
and exposure of the second shot are carried out in the 
same manner as that described above. 

15 [0062] In this case, in order to omit an action for re- 
turning the reticle stage 3 to enhance the throughput, 
the scanning and exposure directions of the first and 
second shots are made opposite from each other, i.e., 
if the first shot was exposed to light from -side to +side 

20 on the Y axis, the second shot is exposed to light from 
+side to -side. That is, scanning is carried out alternate- 
ly. In this manner, the stepping action between the shots 
and the scanning and exposure action of the shots are 
repeated, and the pattern of the reticle 2 is transferred 

25 in all the shot regions on the wafer 10 in the step-and- 
scan manner. A series of procedure with respect to one 
wafer 10 is completed in this manner. 
[0063] According to the present example, since the 
EUV light EL having a wavelength of 5 to 20 nm is used 

30 as the exposure beam, even if a numerical aperture of 
the reflection system including only the plurality of mir- 
rors (reflection optical devices) 6 to 9 as the projection 
optical system 200 is not so high, it is possible to pre- 
cisely transfer an extremely fine pattern such as a line- 

35 and-space pattern having a pitch of 1 00 to 70 nm, or an 
isolating line pattern of line width of 70 to 55 nm. 
[0064] At the time of such an exposure operation, ac- 
cording to the exposure apparatus of the present exam- 
ple, it is possible, by using the transmission filter 18, to 

40 suppress the reduction in a reflectance of the reflection 
member caused by debris generated from the laser 
plasma light source in the illumination system 1 00. Fur- 
ther, almost no debris reach the reflection members dis- 
posed closer to the reticle 2 than the transmission filter 

45 18, it is possible to reduce a frequency of replacement 
of these reflection members. Therefore, there is a merit 
that a workload of maintenance operation of the expo- 
sure apparatus is lightened. 

[0065] The nozzle NZL may be made of material hav- 
50 ing high transmittance with respect to the EUV light EL 
(more specifically, material having higher transmittance 
than noble metal), or material selected from those used 
in the multilayered film formed on the reflection surface 
such as the condenser mirror CM and the reflecting mir- 
55 ror 1 7. In this case, even if debris generated by erosion 
of the nozzle NZL is attached to the condenser mirror 
CM or the reflecting mirror 17, since the debris have high 
transmittance with respect to the EUV light EL, the re- 
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flectance of the condenser mirror CM and the reflecting 
mirror 17 is not extremely lowered. Therefore, the 
number of maintenance operations (replacement and 
cleaning of mirrors) can be reduced, and the productivity 
of semiconductor devices can be enhanced. It is possi- 5 
ble to prolong the life of the transmission filter 1 8. 
[0066] Although it is not illustrated in Figs. 2 and 3, the 
nozzle NZL, the condenser mirror CM and the like are 
accommodated in an evacuated container. A transpar- 
ent window which is provided on the evacuated contain- 10 
er and which allows EUV light to pass therethrough may 
be formed with a thin film capable of selecting a wave- 
length, and only the EUV light EL may be allowed to 
pass through the transparent window. At that time, at 
least one element of the illumination system (the reflect- 15 
ing mirror 1 7, the fly eye mirrors FEM1 , FEM2 and the 
condenser mirror CDM in the present example) is dis- 
posed in the evacuated container. 
[0067] Although the EUV light having a wavelength of 
5 to 20 nm, especially about 11 nm or about 13 nm is 20 
used as the exposure beam in the above-described em- 
bodiment, the wavelength of the exposure beam is not 
limited to these values. For example, EUV light EL hav- 
ing a wavelength of about 1 00 nm or smaller is effective 
as the exposure beam. Known typical wavelength of the 25 
EUV light EL is 1 .5 nm, 13.4 nm and the like. Recently, 
EUV light having a wavelength of about 50 nm becomes 
a promising candidate in order to lower the required sur- 
face precision of mirror. 

[0068] The exposure apparatus in the above embod- 30 
iment is assembled by adjusting the illumination system 
1 00 and the projection optical system 200, and connect- 
ing the constituent elements electrically, mechanically 
or optically. The wafer 10 exposed with light in the 
above-described manner is subjected to a developing 35 
step, a pattern-forming step, a bonding step and the like, 
thereby producing a device such as a semiconductor 
device. 

[0069] In the above-described embodiment, the 
present invention is applied to the scanning and expo- 40 
sure type and reduction projection type exposure appa- 
ratus. The present invention can also be applied to an 
illumination system of a proximity-type exposure appa- 
ratus which transfers a pattern of the reticle directly onto 
a wafer using EUV light without through a projection op- 45 
tical system, or to a full field exposure type projection 
exposure apparatus. 

[0070] According to the exposure method of the 
present invention, when a laser plasma light source is 
used as a light source for exposure, for example, even 50 
if scattering particles are generated from the light 
source, it is possible to suppress the deterioration in op- 
tical characteristics such as reduction in reflectance of 
a plurality of reflection members. 

[0071 ] According to the exposure apparatus of the in- 55 
vention, it is possible to carry out the exposure method 
of the invention. Further, since almost no scattering par- 
ticles reach the reflection members disposed closer to 



the pattern than the transmission member, it is possible 
to reduce a frequency of replacement of these reflection 
members. Therefore, there is a merit that a workload of 
maintenance operation of the exposure apparatus is 
lightened. 

[0072] When the reflection type optical integrator is 
disposed between the light source and the pattern, and 
the transmission member is disposed between the light 
source and the optical integrator, even if the transmit- 
tance of the transmission member becomes uneven and 
the illumination of the exposure beam becomes uneven 
in some degree due to variation in thickness of the trans- 
mission member, due to the attachment of the scattering 
particles to the transmission members or the like, the 
illumination distribution of the exposure beam is unfor- 
malized by the reflection type optical integrator. 
[0073] The entire disclosure of Japanese Patent Ap- 
plication No. 11-157635 filed on June 4, 1999 including 
specification, claims, drawings and abstract are incor- 
porated herein by reference in its entirety. 
[0074] Although various exemplary embodiments 
have been shown and described, the invention is not 
limited to the embodiments shown. Therefore, the scope 
of the invention is intended to be limited solely by the 
scope of the claims that follow. 



Claims 

1 . An exposure method, comprising a step of transfer- 
ring, using light having a wavelength of 100 nm or 
smaller as an exposure beam, a predetermined pat- 
tern onto a substrate, wherein 

when said pattern is irradiated with the expo- 
sure beam through a plurality of reflection mem- 
bers, particles mixed in the exposure beam is re- 
duced. 

2. An exposure apparatus which transfers, using light 
having a wavelength of 1 00 nm or smaller as an ex- 
posure beam, a predetermined pattern onto a sub- 
strate, comprising: 

a light source which generates the light having 
the wavelength of 1 00 nm or smaller as the ex- 
posure beam; 

a plurality of reflection members which guides 
the exposure beam emitted from the light 
source to the pattern; and 
a transmission member disposed on an optical 
path of the exposure beam between the light 
source and the pattern and having a predeter- 
mined transmittance. 

3. An exposure apparatus as recited in Claim 2, 
wherein at least one of said reflection members is 
disposed between said transmission member and 
said substrate. 
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4. An exposure apparatus as recited in Claim 2, 
wherein 

a reflection type optical integrator, which is one 
of said reflection members, is disposed be- 
tween said light source and said pattern, and 
said transmission member is disposed be- 
tween said light source and said optical integra- 
tor. 

5. An exposure apparatus as recited in Claim 4, 
wherein said transmission member is disposed im- 
mediately in front of said optical integrator. 

6. An exposure apparatus as recited in Claim 2, 15 
wherein said transmission member has atransmit- 
tance of 1 0% to 90% with respect to said exposure 
beam. 

7. An exposure apparatus as recited in Claim 2, 20 
wherein 

said light source is a laser plasma light source, 
and 

said exposure beam is of extreme ultra violet 25 
light having a wavelength of 5 nm to 50 nm. 

8. An exposure apparatus which transfers a pattern 
formed on a mask onto an object, comprising: 

30 

a light source which generates extreme ultra vi- 
olet light; 

an illumination optical system disposed, to illu- 
minate said mask with said extreme ultraviolet 
light, on an optical path through which said ex- 35 
treme ultraviolet light passes, said illumination 
optical system including a plurality of reflection 
optical elements which includes an optical inte- 
grator; and 

an optical element disposed between said light 40 
source and said optical integrator to reduce 
substances which are generated at said light 
source, flow into said optical path and lower re- 
flectivity of said reflection optical elements. 

45 



5 



10 



50 



55 



12 



EP 1 202 117 A1 




scanning direction 



EP 1 202 117 A1 




EP 1 202 117 A1 




15 



EP 1 202 117 A1 



FIG.4A 

E12y E11v 




FIG.4B 

GE22 

GE23 < * — n GE21 FEM2 




i ^ X 



16 



EP 1 202 117 A1 




17 



EP 1 202 117 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 12 3719 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION flniCI-7) 



D,E 



PATENT ABSTRACTS OF JAPAN 
vol. 1999, no. 14, 
22 December 1999 (1999-12-22) 
-& JP 11 251226 A (NIKON CORP), 
17 September 1999 (1999-09-17) 

* the whole document * 

-4 US 6 208 707 Bl (0SHIN0 TETSUYA) 
27 March 2001 (2001-03-27) 

* column 5, line 32 - column 7, line 20 * 

* figure 1 * 

PATENT ABSTRACTS OF JAPAN 

vol . 1999, no. 10, 

31 August 1999 (1999-08-31) 

-& JP 11 126745 A (TOYOTA MAX :KK; TOYOTA 

CENTRAL RES &AMP; DEV LAB INC), 

11 May 1999 (1999-05-11) 

* the whole document * 

EP 0 174 877 A (HAMPSHIRE INSTR INC) 
19 March 1986 (1986-03-19) 

* column 4, line 5 - Hne 42 * 

* figures 1-3 * 

JP 2000 349009 A (NIKON CORPORATION) 
15 December 2000 (2000-12-15) 

* the whole document * 



1-8 



G03F7/20 



1-8 



1,2,8 



1-8 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



G03F 



The present search report has been drawn up for all claims 



Place oi search 

THE HAGUE 



Date of completion of the search 

22 May 2001 



Examiner 

Heryet, C 



category of cited documents 



X ; particularly relevant if taken alone 

Y : particularly relevant if combined with anotner 

document of the same category 
A : technological background 
O : non-written disclosure 
P :: Intermediate document 



T ; theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document cited in Ihe application 
L document cited for other reasons 

& : member of the same patent family, corresponding 
document 



18 



EP1 202 117 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 12 3719 



This annex fists the patent family members relating to the patent documents cited in the above-mentioned European search report., 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

22-05-2001 



Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




member(s) 




date 


JP 11251226 A 


17-09-1999 


US 


6208707 


B 


27-03-2001 


JP 11126745 A 


11-05-1999 


NONE 








EP 0174877 A 


19-03-1986 


US 


4692934 


A 


08-09-1987 






AT 


45246 


T 


15-08-1989 






CA 


1246759 


A 


13-12-1988 






DE 


3572082 


D 


07-09-1989 






JP 


1880757 


C 


21-10-1994 






JP 


6005611 


B 


19-01-1994 






JP 


61179046 


A 


11-08-1986 


JP 2000349009 A 


15-12-2000 


NONE 









a For more details about this annex : see Official Journal of the European Patent Office, Mo. 12/82 



19 



